Abstract Molecular characterization and genetic diversity among 82 soybean accessions was carried out by using 44 simple sequence repeat (SSR) markers. Of the 44 SSR markers used, 40 markers were found polymorphic among 82 soybean accessions. These 40 polymorphic markers produced a total of 119 alleles, of which five were unique alleles and four alleles were rare. The allele number for each SSR locus varied between two to four with an average of 2.97 alleles per marker. Polymorphic information content values of SSRs ranged from 0.101 to 0.742 with an average of 0.477. Jaccard's similarity coefficient was employed to study the molecular diversity of 82 soybean accessions. The pairwise genetic similarity among 82 soybean accessions varied from 0.28 to 0.90. The dendrogram constructed based on genetic similarities among 82 soybean accessions identified three major clusters. The majority of genotypes including four improved cultivars were grouped in a single subcluster IIIa of cluster III, indicating high genetic resemblance among soybean germplasm collection in India.
Introduction
Soybean (Glycine max (L.) Merrill) cultivation in India dates back to the 1st century AD (Hymowitz 1990) , however commercial cultivation of soybean in India started only few decades ago with unprecedented growth in the cultivated area and total production (Tiwari et al. 1999; Agarwal et al. 2013) . In the present scenario of oilseed production in India, soybean is the leading oilseed crop which is grown over 10.69 million hectare with total production of 14.66 million tonnes during the year 2012 (Anonymous 2014) . The productivity of soybean in India was recorded 1370 Kg/ha in 2012, which is significantly lower as compared to other major soybean producing countries.
The genetic base of soybean cultivars is considered to be extremely narrow (Hymowitz 1970) . Soybean being self pollinated crop with limited out crossing is highly inbreeding crop. During the last few decades, soybean breeding in India mainly focused on hybridization program using few selected genotypes as parental lines that has led to narrow genetic base. So far 108 improved varieties have been developed and released in India for cultivation. However, the untapped valuable genetic diversity of soybean is yet to be fully utilized to enhancing the soybean production and productivity and to broaden the genetic base. Therefore, understanding the genetic diversity of soybean germplasm is essential to broaden the genetic base and to further utilize it in breeding program. Such an insight could be achieved through molecular characterization of soybean germplasm using DNA markers, which are more informative, stable and reliable, as compared to conventional methods like pedigree analysis and morphological diversity. Early studies have shown utilization of molecular markers for identification of genetically diverse genotypes to use in crosses in breeding programme (Maughan et al. 1996; Thompson and Nelson 1998) .
Directorate of Soybean Research (DSR) India, designated as National Active Germplasm Site (NAGS) for Soybean, Electronic supplementary material The online version of this article (doi:10.1007/s12298-014-0266-y) contains supplementary material, which is available to authorized users.
holds 4248 germplasm accessions of soybean which comprises of indigenous collections, land races, wild species and exotic collections from USA, Taiwan, Philippines, China, Brazil, Argentina and Thailand (Prabhakar and Bhatnagar 1995; Agarwal et al. 2013) . Although morphological characterization of the whole soybean germplasm collection of India has been done but molecular characterization, a useful method for understanding extent of variation and relationship among different accessions is not performed yet. Among different types of DNA markers being utilized for molecular characterization and genetic diversity analysis in plants, simple sequence repeats (SSR) markers are considered as molecular marker of choice due to their abundance, high polymorphism rate and high reproducibility. SSR markers have been widely used in the genetic diversity studies of the soybean germplasm collections worldwide and high levels of polymorphism at SSR loci have been reported for both the number of alleles per locus and the gene diversity (Maughan et al. 1995; Abe et al. 2003; Wang et al. 2006 Wang et al. , 2010 Fu et al. 2007; Wang and Takahata 2007; Li et al. 2008; Singh et al. 2010; Tantasawat et al. 2011) .
Since, the soybean germplasm collection in India has been acquired from many different countries, their genetic relatedness and gene diversity is unknown. In India, Singh et al. (2010) studied genetic diversity in a set of 44 genotypes including 29 germplasm accessions and 15 cultivars differing in photoperiod response, using SSRs and amplified fragment length polymorphism (AFLP) markers. But, as the selected germplasm accessions were trait specific and small in number, this may not provide true picture of genetic diversity in soybean germplasm collection of India. Therefore in the present study a set of 82 soybean accessions were selected randomly from the whole germplasm collection for molecular characterization and genetic diversity analysis using SSR markers. Four improved cultivars of India were also included in this set, to assess their relative genetic diversity with respect to germplasm collection of India.
Material and methods

Plant material
A total of 82 soybean accessions obtained from NAGS for Soybean, Directorate of Soybean Research (DSR), Indore, Madhya Pradesh, were used in the present study. These 82 accessions comprises of four soybean varieties namely JS335, JS97-52, JS95-60 and Type49, and 78 soybean germplasm accessions. Out of 78 germplasm accessions, 31 are indigenous collections and remaining are originally sourced from different countries viz., 19 from USA, seven from Taiwan, five from Brazil, two each from Australia, China, Sri Lanka and one each from Philippines, Italy, Russia, South Africa, Thailand, Germany, Argentina, Fiji, Hungary, Nepal and Japan, at different times (Prabhakar and Bhatnagar 1995) . The details of 82 accessions of soybean, their country of acquisition/origin and maturity duration are given in Table 1 .
DNA extraction and PCR amplification
Total genomic DNA extracted from young fresh leaves following standard CTAB extraction protocol (Doyle and Doyle 1990 ) was used for polymerase chain reaction (PCR) amplification of SSRs. The SSR markers developed by Cregan et al. (1999) were used in the present study. A total of 44 different SSR markers from all 20 linkage groups of soybean were chosen for genotyping of 82 accessions of soybean germplasm. The details of SSR markers, their sequences and motifs are given in Supplementary Table 1. PCR reaction was performed in 20 μl volume of PCR mixture, containing 50 ng genomic DNA, 1X Taq DNA polymerase buffer, 1.5 mM MgCl 2 , 0.5 mM dNTPs, 0.5U DreamTaq DNA polymerase (Thermo Scientific, USA) and 10 pmol of each primer. Thermal profiling was setup with initial denaturation temperature of 95°C for 05 min followed by the 35 cycle of denaturation (95°C for 60 s), annealing (55°C for 60 s) and extension (72°C for 90 s). The amplified SSR fragments were size separated on metaphor agarose (3.5 %) gels (Lonza, Switzerland) containing ethidium bromide (0.5 μg/ml) in 1X TAE buffer and photographed on UV transilluminator (SynGene, UK).
SSR allele scoring and data analysis
The presence or absence of SSR fragment in each accession was recorded for all the polymorphic SSR markers. The SSR bands appearing without ambiguity were scored as 1 (present) and 0 (absent) for each primer. The size of the amplified product was calculated on the basis of its mobility relative to molecular mass of marker (50 bp DNA ladder, Thermo Scientific, USA). The polymorphism information content (PIC), a measure of the allelic diversity at a locus, was determined by using the formula described by Botstein et al. (1980) 
Where, Pi is the frequency of the i th allele in the set of genotypes analyzed, calculated for each SSR locus. The genetic similarity among genotypes was estimated based on Jaccard's similarity coefficient. The resulting similarity matrix was further analysed using the unweighted pair-group method arithmetic average (UPGMA) clustering algorithm for construction of dendrogram; the computations were carried out using NTSYSpc version 2.2 (Rohlf 2000) .
Results and discussion
Molecular characterization of soybean accessions
Molecular characterization of germplasm accessions reveals underlying allelic diversity and genetic base of germplasm collection. In the present study out of total 44 SSRs analyzed, 40 were found polymorphic among 82 soybean accessions. The 82 accession of soybean were profiled with 40 polymorphic SSR markers which produced 119 alleles. The details of SSR loci, their allele number, PIC values and allele size range have been provided in Table 2 . The allele number for each SSR locus varied from two to four with an average of 2.97. The fragment size of these 119 alleles was ranged from 70 to 335 bp. Figure 1 showed an example of DNA profiles at the satt184 loci with 4 distinct alleles among different soybean genotypes. Out of the 119 alleles amplified, unique alleles were amplified by five different SSR loci in five genotypes (Table 3) . Four SSR alleles were found rare with a frequency of less than 0.05 in the whole sample studied (Table 4 ). The two genotypes PI175192 and CF-492 amplified unique alleles as well as rare alleles. These two genotypes may serve as good sources for identification of new alleles of important genes. Two of the SSR markers amplifying unique alleles were known to be linked with two different phenotypic traits. The Satt055 was reported to be linked with photoinsensitivity trait (Liu et al. 2011) . The Satt055 had amplified a unique allele in accessions EC333915. Another marker Satt196 known to be linked with yield QTLs (Du et al. 2009 ) had amplified a unique allele in accession CF-492. The genotypes identified for photoinsensitivity and yield QTL marker alleles can be used in marker assisted introgression program but further validation is required for marker traits linkage in segregating populations. PIC values, a measure of the allelic diversity of SSRs, ranged from 0.101 in satt285 to 0.742 in satt129 with an average of 0.477. The high rate of polymorphic SSR loci (90.9 %) detected in this study was consistent with previous studies (Diwan and Cregan 1997; Narvel et al. 2000; Singh et al. 2010; Tantasawat et al. 2011 ). This high rate of SSR polymorphism may be attributed to the selected set of SSR markers which were already tested for polymorphism among a set of genotypes (Cregan et al. 1999 ). However, the lower allele number and PIC values indicates low allelic diversity in present set of soybean accessions. The SSR allelic diversity detected among soybean genotypes in this study was low compared to most previous studies (Diwan and Cregan 1997; Narvel et al. 2000; Abe et al. 2003; Wang et al. 2006; Guan et al. 2010; Tantasawat et al. 2011 ), but comparable with Singh et al. (2010) who detected an average of 3.53 alleles per locus in 44 soybean genotypes from India differing in photoperiod response, using 40 SSR markers.
Molecular diversity analysis
Knowledge on the genetic diversity of germplasm helps in selection of parental genotypes for development of segregation population and to develop varieties. Morphological traits based genetic diversity is prone to environmental variations and availability of limited number of morphological markers has limited their use in genetic diversity studies. On the other hand, molecular markers based genetic diversity is not influenced by environmental factors therefore highly reproducible and also widely distributed throughout the genome. To efficiently broaden the genetic base of modern soybean cultivars, an insight into molecular diversity is necessary. In the present study, an attempt has been made to study the molecular diversity of 82 accessions using 40 polymorphic SSR markers. The high polymorphism observed in SSR markers among the soybean accessions in the present study demonstrated the effectiveness of SSR markers in determining genetic variation.
To assess the genetic resemblances among the genotypes, Jaccard's similarity coefficients were calculated for all 119 SSR alleles detected among 82 accessions. The pairwise genetic similarity among 82 soybean accessions varied from 0.28 to 0.90. The similarity coefficients matrix was used for UPGMA cluster analysis. The dendrogram constructed based on genetic similarities between genotypes showed that the 82 genotypes formed three major clusters (Fig. 2) . The genetic structure of the 82 soybean accessions based on the dendrogram does not correlate with country of acquisition or morphological differentiation based on maturity duration. The Cluster I contains four genotypes namely Kohime from Taiwan, EC37183 from Russia, PI175192 and EC458385 from USA. The Cluster II also contains four genotypes namely JS20-78 and AMS39-2-1 from India, one from Brazil, one from USA and one from China. The subcluster IIIa contains rest of 68 soybean genotypes. The closest related genotypes in the subgroup IIIa were Type49 and GP116, at similarity coefficient of 0.90 followed Fig. 2 Dendrogram showing genetic relationships among 82 soybean accessions based on UPGMA clustering of Jaccard's similarity coefficients by EC15656 and EC251519 at similarity coefficient of 0.89. Four improved cultivars included in this study were present in a single subcluster IIIa, indicating narrow genetic base of Indian soybean cultivars. While the cultivar JS95-60 was closely related to accession JS20-55 at similarity coefficient of 0.62, the cultivar JS97-52 was related to accessions PRAB-2 and MAUS54 at similarity coefficient of 0.76. The popular adapted cultivar JS335 was found related to PI219698 at similarity coefficient of 0.64. The clustering of large number of soybean germplasm accessions in a single cluster indicates that soybean germplasm collection of India at NAGS has high genetic relatedness among accession, barring few accessions possessing diverse genetic background i.e. genotypes of the cluster I & II. While the narrow genetic diversity identified among soybean germplasm collection of India in present study necessitates the need of broadening genetic diversity by introducing more exotic germplasm along with utilization of wild relatives, the diverse accessions identified in this study may serve as source of new alleles in soybean breeding programme of India.
